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This base plate 30 is arranged within the reactor in such a way that the reactive 
gases are in contact with the wafers. The reactor comprises a cylindrical body 19C having a 
vertical axis, which surrounds the base plate 30. On the lower and upper parts of said 
cylindrical body 19C are placed a bottom plate 19A and aToughly flat cover 28, respectively. 
5 The cylindrical body 19C being in a cold area of the reactor, the tightness with the bottom 
plate 19A and the cover 28 is ensured by toric joints 21, the bottom plate being preferably 
an horizontal part 19A of the cylindrical body 19C The cover 28 can be lifted to place the 
base plate 30. It is practically parallel to the base plate during the process operation, in 
which reactive gases are introduced into the reactor through concentric funnels forming an 

10 inlet 1A for a first precursor of reactive gas flow <D1A and an inlet IB for a second precursor 
of reacbve gas flow <S>1B. The gas flows move radially above the base plate 30 towards the 
periphery of said base plate. The reactive process gases are collected by a gas-collector 16 
through outlets 12, and by a gas plenum 29 connected to the gas-collector 16 at an exhaust 
port 40. The gas-collector 16 is disposed on the edge of the base plate 30, which base plate 

15 is positioned unto a ring 31. 

Said gas-collector is described in detail in reference to FIG.5A. This gas-collector 
is crown-shaped and comprises an annular top part 15, and an annular low part 14, said top 
and low parts being connected by lateral flanges 17 and 18. Screws 13 regularly spaced hold 
the top part 15 and the low part 14 together with the flanges 17, 18. The processing 

20 chamber 101 is limited by the flange 18 of the crown-shaped gas-collector 16. The flange 18 
surrounding the substrate holder 4A has apertures 12 regularly spaced to let the reactive 
gases exhaust from the process chamber 101 and be lead by the gas-collector 16 towards a 
gas plenum 29. Referring to FIG.5B, the gas plenum 29 is a tube having a wall 29A, which is 
provided with external longitudinal ridges 29B. The gas plenum 29 slides Into an aperture 40 

25 of the annular low part 14, leaving small apertures 29C between the internal part 41 of the 
aperture 40 and the wall 29A of the gas plenum tube. The metal for forming the gas- 
collector may be favorably molybdenum. This gas-collector made of molybdenum presents 
the advantages of not involving the risk of exerting excessive forces onto the cover plate and 
base plate, of supporting the temperature prevailing in the chamber at the level of the 

30 semiconductor wafers and of being resistant to the processing gases use. Preferably, two 
tubes 29 arranged diametrically opposite to each other merge into the interior of the gas- 
collector 16 to discharge the gases to the exterior. 

In the example of embodiment illustrated by FIG.l, the inlet tube lb has an 
extension 20 that is bound to the cover 28, so that the inlet tubes 1A, IB are lifted together 

35 with the cover 28 during an opening/closing operation of the reactor and so that this 

extension 20 forms the actual cover, hereafter referred to as cover plate 20, for the space 
immediately above the wafers 5 and substrate holder 4A. Preferably the base plate 30, cover 
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plate 20 and inlets 1A, IB are made of quartz that is a non-porous material resilient to the 
high temperatures of the process. 

According to the invention, isolation means prevent the reactive gases from 
flowing into spaces of the reactor other than the space immediately above the substrate 
5 holder and the wafers, referred to as first space 101, and hereafter denoted process 

chamber, in fact containing the substrate holder 4A with the wafers 5, the inlets 1A, IB and 
the gas-collector 16. Said isolation means comprise in detail : 

A cylindrical isolation element referred to as outer ring 10. Said 
outer ring 10 surrounds the gas-collector 16 and the substrate holder 4A with the wafers 5 
10 and touches both the base plate 30 and the cover plate 20, in such a manner that the first 
space denoted process chamber 101 containing the process gases is isolated from a second 
space 102 and third space 103 disposed externally to the outer ring 10 and plates 30 and 20, 
within the peripheral wall 19C, 19A.The outer ring 10 is disposed on the edge of the base 
plate 30, and has upper and lower flat surfaces for touching the base plate 30 and the 
15 extension cover 20. This outer ring 10 is preferably made of inox. 

It is to be noted that the gas-collector 16 is not necessarily part of 
the isolating elements. It stands on the edge of the base plate 30 in such a way that it does 
not touch the cover plate 20 for allowing dilations due the high temperature gases collected. 

A non-porous annular element 4B bonded to the porous substrate 
20 holder 4A and to the rotating axis 4C Said annular non-porous element 4B has an outer 
diameter that is greater than the diameter of the opening 32 for the rotating axis 4C, in 
order to prevent the reactive gases to exit through said opening 32. As a matter of feet, the 
base plate 30 is heated by the heating elements 7 at a temperature above 300°C, so the 
element 4B is constituted of a refractory metal apt to admit such temperatures. The non- 
25 porous element 4B of the substrate holder 4A is associated to the base plate 30 to 
particularly isolate the process chamber 101 from the third space 103. 

A counter-flow d>2 of non-reactive gas is applied in areas far from 
the reactive gases i. e. is introduced in the peripheral third space 103 through an inlet 39. 
This counter-flow propagates in the space 102 and is applied to the process chamber in a 
30 direction opposite to the reactive gases by way of specific structures referred to as high 
temperature seal means. 

Said seal means are small grooves or roughened zones of surfaces 
of the interfaces of the isolation elements above-described. In the embodiment of RG.l, the 
seal means structures are applied to the flat contact surfaces of the outer ring 10 at the 
35 interfaces with the cover plate 20 and the base plate 30. The seal means structures 

according to the invention avoid the processing gases from exiting through said interfaces, 
and force said process gases through the outlets 12 and then through the exhaust plenum 
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# 



29- These seal means do not allow those process gases to enter the spaces 102, 103. The 
seal means are described in detail hereafter. 

Considering an interface I between for instance the upper surface of the outer 
ring 10 and the cover plate 20, it is to be noted that the process gases, located in the first 
5 space 101 of the process chamber, form a gas flow <X>1 that has a pressure PI slightly above 
the external atmospheric pressure, which results in that said gas flow <S>1 propagates in a 
first direction Dl and tends to exit from the process chamber 101 through said interface I. 
The seal means structures according to the invention first comprises the application of the 
counter-flow denoted <S>2 of inert gas that is introduced for instance by an inlet 39 into the 

10 second and third spaces 102, 103, around the outer ring 10, that has a pressure P2 slightly 
above the pressure PI, which results in that said gas flow 02 propagates in a second 
opposite direction D2 and tends to enter the process chamber 101 through said interface I. 
The counter-flow 0>2 of inert gas propagates through the interface I as a laminar flow with a 
parabolic speed profile. According to the parabolic flow propagation, the laminar flow speed 

15 V2 of the counter-flow is maximum in the middle of the small height of the interface I, while 
said laminar flow speed V2 is near zero along the so-called contact surfaces of the interface 
I. In that way, the first flow 0>1 that has an inferior pressure PI, is not allowed to exit the 
process chamber 101 through the interface I. It is known of those skilled in the art that the 
propagation of laminar gas flow is related to the height H of the interface I, and to the 

20 difference of pressure between the flow and the counter-flow and also that the speed V2 of 
the counter-flow <&2 is function of this height H. Thus, a necessary speed V2 to make the 
counter-flow efficient implies that the difference of pressure between the flow and counter- 
flow or the squared height H 2 of the interface is not too small. It has been previously 
explained that the pressure difference P2 - PI is not allowed to be great in order not to 

25 disturb the deposition process. Now, it is also important that the height H of the interface be 
not too large in order not to use a great amount of inert gas, which may also disturb the 
deposition process. As a matter of fact, it must be taken into account that the peripheral 
length of the processing chamber is important for accommodating several wafers, so that 
the amount of inert gas entering through the interface I may happen to be too great 

30 In order to provide a solution to all those problems, the seal means structures 

according to the invention comprises the formation, on at least one of the two opposite 
contact surfaces, of a set of substantially radial grooves, performed along a length at least 
equal to the radial dimension of the upper and lower surfaces of the outer ring, for the 
counter-flow <Z>2 to enter the chamber 101 through said grooves. Now, the depth and the 

35 width of a groove, and the width between two adjacent grooves, are to be determined with 
respect to the length of the outer ring 10 in order to reach the aims of the invention. To that 
end, simulations are performed by calculation means of a standard kind according to known 
standard methods of calculation, which permit of determining those proper values. Instead 
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of grooves, roughened zones of the contact surfaces of the considered interface may be 
used. Thus, the functions of the outer ring is to both to constitute an isolating element and 
to comprise seal means structures allowing the entry of an appropriate counter-flow <&2. 
The counter-flow <D2 propagates substantially through the grooves in the 
5 direction D2, i. e. from the space 102 towards the inside of the processing chamber 101. The 
gas flow 0>1, which cannot propagate through the grooves due to the value of the counter- 
flow 0)2, may however propagate between the grooves, through the still existing interface I. 
If the width between grooves is too important, said flow <D1 may propagate through the 
whole length of the interface I from the chamber 101 until it reaches the space 102, which is 

10 inconvenient. It why all the parameters of propagation of the counter-flow <D2 and flow <X>1 

are carefully calculated as above-described. When the appropriate ratio of the widths of the 
grooves and between the grooves is achieved, taking into account the length of the grooves, 
then, the gas flow d>l is no more allowed to exit the chamber 101 through the interface I, 
because, due to said appropriate ratio, the gas flow Ol cannot get throughout the whole 

15 length of the grooves. 

Referring to FIG.l, the counter-flow 0>2 is introduced by the inlet 39. It is 
shown that both the flow <D1 and the counter-flow <D2 are collected by the outlets 12, and 
then by the exhaust plenum 29, So, the gas flow <X>1 exits through the gas-collector 16, 
being not allowed to get through the interface I and the counter-flow <D2 does not disturb 

20 the process. 

Preferably, in a reactor having a process chamber 101 and spaces 102, 103 
surrounding the outer ring 10, the pressure difference P2 - PI is about 10" 5 to 10 3 mbars, 
which is considered a small difference of pressure; the height H of the interface I between 
closing surfaces is about 0 to 1 mm, preferably 0.05 to 0.1mm, which is considered small; 

25 the width and the depth of the grooves are about 1mm and 0.3mm respectively; and the 
ratio giving the width between grooves is 5 times the width of the groove. 

Referring to FIG.2 and FIG.3, in an other embodiment, the reactor comprises 
the base plate in two parts : a first ring-shaped base plate part 30A, which is disposed 
beneath the substrate holder 4A, and a second ring-shaped base plate part 30B, which 

30 supports the first ring-shaped base plate part 30A, the gas-collector 16 and the outer ring 
10. The second ring-shaped base plate part 30B is movable downwards with respect to the 
first ring-shaped base plate part 30A in order to create free access to the wafers above the 
outer ring and the gas-collector. 

An aperture 40 is made in the peripheral wall 19C associated to a movable 

35 window 19B, referred to as gate valve, in order to create an access to the wafers when the 
second ring-shaped base plate part 30B is in the lowest position shown FTG.3. For example, 
the arm of a robot may be used to manipulate the wafers. 
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The contact surfaces of the first ring-shaped base plate part 30A and the 
second ring-shaped base plate part 30B are provided with seal means structures as above- 
described. 

Referring to FIG.4, in an other embodiment, the reactor comprises holes 55 and 
5 58 provided in the outer ring 10 and the gas-collector 16 respectively, in order to introduce a 
tube 57. Through the tube 57, a light beam is guided for permitting of examining the wafers 
and for example of determining their rotation speed. The light beam may be introduced 
through the tube 57 for instance through a window 52, transparent to said light beam, and 
covering an aperture 53. The transparent window 52 may be bonded to the peripheral wall 
10 19C at a part 51. Inside the tube 57, a transparent solid material, referred to as tube 

window 56, is inserted so as to permit the operation of the counter-flow <D2 created by the 
difference of pressures between the second space and the first space each side of said tube 
window. 
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Claims: 

A chemical vapor deposition reactor having a process chamber (101) 
accommodating a substrate holder (4a) for wafers (5), a first gas flow (d>l) of reactive gases 
to process the wafers and a crown-shaped gas collector surrounding the substrate-holder, 
5 wherein said reactor further comprises : 

a base plate (30) and a cover plate (20) disposed respectively beneath and 
above the substrate-holder, 

an outer ring (10) surrounding the gas-collector (16) and touching both the 
base plate (30) and the cover-plate (20), 
10 and a second flow (G>2) of non-reactive gases propagating in spaces outside the 

process chamber referred to as first space (101), which first space is limited by the base and 
cover plates and the outer ring, and said second flow acting as a counter-flow (<X>2) for 
preventing the first reactive gas flow (<D1) to exit from the process chamber but through the 
gas-collector (16). 

15 2. A reactor as claimed in claim 1, wherein the outer ring (10) has a top and a low 

flat surfaces for touching respectively the cover and the base plates, and wherein said top 
and low surfaces are provided with grooves or roughened zones to permit the second gas 
flow of acting as a counter-flow (<D2) through the interfaces between the outer ring and the 
cover and base plates. 

20 3. A reactor as claimed in one of claims 1 or 2, wherein the substrate holder (4A) 

is supported by a rotating axis (4C), entering the process chamber (101) through a hole (32) 
in the base plate (30). 

4. A reactor as claimed in Claim 3, wherein said axis is connected to the substrate 
holder (4A) by an annular part (4B) which is larger than the hole (32) in the base plate (30) 

25 for the rotating axis (4c), wherein said annular part (4B) connecting the substrate holder to 
the rotating axis is made of a material less porous than the substrate holder. 

5. A reactor as claimed in claim 4, wherein the process temperatures are in the 
range of about 300 to 1500°C and wherein said annular part (4B) connecting the substrate 
holder (4A) to the rotating axis (4C) is made of a material further apt to withstand such high 

30 temperatures. 

6. A reactor as claimed in one of claims 1 to 5, wherein the first space (101) is 
surrounded by second and third spaces limited by a substantially cylindrical peripheral wall 
(19C), a lower horizontal wall (19A) and a cover (28), wherein one wall comprises an inlet 
for the counter-flow (02) and the cover comprises an inlet for the reactive gas flow (<D1). 

35 7. A reactor as claimed in one of claims 1 to 6, wherein the base plate comprises a 

first internal ring-shaped base plate part (30A) disposed beneath the substrate holder and a 
second peripheral ring-shaped base plate part (30B) supporting the first ring-shaped base 
plate part (30A), the gas-collector (16) and the outer ring (10), the second ring-shaped base 
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plate part (30B) being movable with respect to the first ring-shaped base plate part (30A) in 
a downward direction in order to create free access to the wafers for a manipulation 
operation of the wafers. 

8. A reactor as claimed in Claim 7, wherein the peripheral wall (19A) comprises a 
5 gate valve to create access to the wafers. 

9. A reactor as claimed in one of Claims 7 or 8, wherein the contact surfaces of 
the first and second ring-shaped base plate parts (30A, 30B) are provided with grooves or 
roughened zones to permit the second gas flow (<D2) of acting as a counter-flow through the 
interface between said contact surfaces. 

10 10. A reactor as claimed in one of claims 1 to 9, wherein a tube (57) is inserted 

through holes (55, 58) respectively made through the outer ring (10) and the gas-collector 
(16) in order to introduce a light beam for examining the wafers on the substrate-holder. 

11. A reactor as claimed in Claim 10, wherein a piece of solid material (56), 
denoted tube window, transparent to the light beam, is inserted inside the tube (57) in such 

15 a manner that the contact surfaces of the tube and tube window permit the second flow 
(<D2) to act as a counter-flow for preventing the first reactive gas flow from exiting the 
process chamber (101). 

12. A reactor as claimed in Claim 11, wherein the cylindrical peripheral wall (19C) 
has a window (52) transparent to the light beam to introduce said light beam through the 

20 tube (57). 

13. A reactor as claimed in one of claims 1 to 12, wherein heating means (7) are 
provided beneath the base plate for heating the substrate holder. 

14. A reactor as claimed in one of claims 1 to 13, wherein the gas collector is 
constituted of an annular top part (15), an annular low part (14), said top and low parts 

25 being connected by lateral flanges (17, 18) and hold together by screws (13), and wherein 
the flange facing the substrate holder comprises outlets (12) for the first reactive gas flow. 

15. A reactor as claimed in one of claims 1 to 14, wherein a gas plenum (29) for 
collecting the gases from the gas-collector comprises a tube (29) sliding in holes (40) of the 
gas-collector and base plate, and said tube (29) having walls (29A) provided with ridges 

30 (29B) creating a space between the tube (29) and the edges (41) of the holes (40) to permit 
the second gas flow (<S>2) of acting as a counter-flow. 
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